Fabry disease (FD) is a rare X-linked disorder characterized by low or absent activity of the lysosomal enzyme α-glycosidase-A that leads to progressive accumulation of glycosphingolipids in different organs and tissues. Clinical manifestations vary from classic to atypical forms characterized by one prevalent organ involvement, and a renal variant has been described in men but not in women. However, little is known about renal manifestation in females affected by FD. We herein report a case of a 22-year-old female with isolated and persistent microalbuminuria as the only sign of FD. In light of the importance of early recognition and treatment of FD organ damage, this case should call for future studies to determine how to assess organ damage, investigate the existence of a 'renal variant' in FD female patients and determine when best to start enzyme replacement therapy (ERT).
Introduction
Fabry disease (FD) is a rare X-linked disorder resulting from a deficient activity of the lysosomal enzyme α-glycosidase A (α-Gal A) that leads to progressive accumulation of glycosphingolipids in several tissues and organs. In the classical form of the disease, renal involvement commonly ensues in the second to third decades of life with overt proteinuria (>300 mg/day) rapidly leading to chronic kidney disease (CKD) and end-stage renal disease (ESRD) [1] . Cardiac and renal atypical variants of the disease with different degrees of organ impairment and the pattern of disease have been described in males [2, 3] .
In females, the disease presentation may range from a completely asymptomatic status to the classic form of FD [4, 5] . Nonetheless, to the best of our knowledge, isolated proteinuria as the first sign of the disease is rare and has been described only in males.
Enzyme replacement therapy (ERT) with agalsidase has been demonstrated to be safe and effective in the improvement of several signs and symptoms of FD in both genders, and it is accepted that the early establishment of ERT might prevent organ damage [6] . Thus, ERT is recommended in the presence of symptoms or organ involvement [7, 8] . However, due to the variable presentation and the slower progression of the disease in female patients, the questions of how to detect organ involvement and when to start therapy remain open.
Case report
VV, a 20-year-old female was referred to our clinic in 2006 for a family screening programme due to one uncle, the mother and sister being diagnosed with FD [point mutation I354K (c1061T>A) of the exon 7] . At that time, VV was completely asymptomatic for Fabry disease; leucocyte α-Gal A activity was 19.5 nmol/mg prot/h (normal values 18-50 nmol/mg prot/h), while molecular analysis showed the presence of the pathologic genotype, confirming the heterozygous status of the patient. At this time, clinical evaluation and periodic laboratory tests were unremarkable and no sign of FD could be detected.
Two years later in the first evaluation, urine analysis showed evidence of isolated persistent microalbuminuria (303 mg/L; normal value <30 mg/L) without overt proteinuria or abnormalities in the urinary electrolytes. All laboratory tests were in the normal range including serum creatinine and creatinine clearance (0.7 mg/dL and 92 mL/min, respectively). Similarly, a thorough physical examination of the patient could not elicit any sign of FD or any other disease. Specifically, body mass index, blood pressure and heart rate were 20.5 kg/m 2 , 120/70 mmHg and 68 bpm, respectively. Skin examination was unremarkable for angiokeratomas. Slit-lamp examinations did not reveal either cornea verticillata or cataract. Electrocardiogram and echocardiogram did not show signs of cardiac hypertrophy, systolic-diastolic dysfunction or cardiac valve diseases. Audiometric evaluation did not show any evidence of hearing loss. Magnetic resonance imaging (MRI) of the brain was negative for infarctual encephalopathy. Finally, both sweat test and electromyography were normal, with no evidence of sensitive-motor abnormalities.
Due to the presence of isolated and persistent microalbuminuria, we decided to perform a renal biopsy to work out FD nephropathy. Light microscopy revealed numerous vacuolated cells in both glomerular tuft and tubular cells; myelin osmiophilic bodies were also present in glomeruli or between tubules ( Figure 1A ). Direct immunofluorescent study showed negative staining for IgA, IgM, IgG, C 1q , C 3 and C 4 . Electron microscopy showed numerous osmiophilic and laminated 'zebra' bodies in podocytes, epithelial and endothelial cells of the glomerular tuft ( Figure 1B) . Thus, the renal biopsy confirmed that the patient presented FD with the sole involvement of the kidney. Considering the aggressive course of the disease in the family, the optimal blood pressure control and what was suggested by the international guidelines [8] for FD diagnosis and treatment, we started ERT with agalsidase beta (Fabrazyme-Genzyme corp.) at a standard dose of 1 mg/kg every 2 weeks, in the hope to provide VV with an aetiological rather than antiproteinuric treatment. After 6 months of treatment, the microalbuminuria returned to the normal range (27 mg/L), while no other signs or symptoms of FD could be detected.
Discussion
Several studies have demonstrated that heterozygous patients, due to the Lyon phenomenon, may present different phenotypes ranging from the complete absence of symptoms of the classical form of Fabry disease. To the best of our knowledge, this is the first case reported of an adult heterozygous female in whom isolated microalbuminuria is the first and only presenting sign of both FD and renal involvement. The presentation of FD with a prevalent renal impairment (so-called renal variant) is rare and documented in male patients only [9] . Nonetheless, microalbuminuria has been recently described as a preliminary sign of renal impairment in symptomatic young female patients [10] .
It is the authors' opinion that the present case report should question the 'watch and wait' approach and pose several questions on what should be looked at as early signs of FD and when to start ERT [7] . Indeed, the early detection of renal damage appears of paramount importance since the presence of proteinuria and/or CKD at the time of the start of ERT are independent predictors of poor outcome [11] . However, our case should suggest that microalbuminuria might be regarded as an early sign of FD nephropathy. Furthermore, the disappearance of microalbuminuria after 6 months of ERT without antiproteinuric agents [such as angiotensin-converting enzyme inhibitors (ACE-I) or angiotensin receptor blockers (ARBs)] should deserve attention since it might suggest that early intervention might also reverse FD nephropathy. This finding might be of importance if we consider data from the Fabry registry that seem to corroborate the notion that females with FD are undertreated, as only 33.8% of females currently included in the Fabry Registry are on ERT [5] .
In summary, this case suggests that the kidney may be the first, and sometimes only, organ damaged by FD in heterozygous female patients and that isolated and persistent microalbuminuria instead of proteinuria should be regarded as an early marker of FD nephropathy and an indication for ERT. Nonetheless, future studies should investigate the existence of a 'renal variant,' as well as how to detect organ damage and when to start an early treatment in female FD patients.
